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Conclusions
1. NASA’s DSCOVR Mission EPIC and NISTAR data provide a new and unique

diagnostic perspective for assessing global climate model performance.

2. EPIC narrow-band, high spatial resolution images of the Earth’s sunlit 
hemisphere provide continuous monitoring of climate system processes.

3. NISTAR near-backscatter SW, NIR broad-band and SW+LW total-spectrum 
radiances of the unresolved Earth seek to address global energy balance.

4. NISTAR data are unique for their NIR/SW spectral ratio diagnostic capability 
for assessing global climate model radiative transfer spectral treatment.

5. DSCOVR measurements have direct relevance to exoplanet investigations.

6. NISTAR spectral ratio time series can deduce exoplanet rotation period, and 
cloud and vegetation/surface-type distribution and their seasonal variability. 

7. EPIC imagery serves to validate inferences from NISTAR spectral ratio data.



Current Common Format Model/Data Comparisons
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Qualitative model/data comparisons: GCM Planetary Albedo & Cloud Cover vs CERES Planetary Albedo & ERAI Cloud Cover.
Qualitative because: (1) both the GCM and the real World exhibit quasi-chaotic behavior, and (2) the space-time sampling of

GCM output data and that of Earth observational data is different, and thus subject to bias and aliasing.



EPIC / NISTAR Perspective on SW Flux Determination
Issue with whole disk views:  Africa + poles in NISTAR field of view 

Epic  1/26/17 Epic 6/30/17

Journal of Geophysical Research: Atmospheres 10.1029/2018JD029390

Figure 1. Schematic of (a) Earth-Sun-DSCOVR geometry and (b) Earth disc that are visible to the L1 DSCOVR view (left
with a total area fraction of At) and to the L2 view (right). The golden area on the left shows the daytime area fraction
(Av ) that is visible to DSCOVR, the black area on the left shows the night portion (Ad) that is within the DSCOVR view,
and the golden area on the right is the daytime portion (Ah) missed by the DSCOVR. Not to scale.

and is not positioned exactly on the Earth-Sun line; therefore, only about 92–97% of the sunlit Earth is visible
to DSCOVR. As illustrated in Figure 1b, the daytime portion (Ah) is not visible to the DSCOVR. Strictly speak-
ing, the measurements from DSCOVR are not truly “global” daytime measurements. However, for simplicity
we refer to them as global daytime measurements. Onboard DSCOVR, the National Institute of Standards and
Technology Advanced Radiometer (NISTAR) provides continuous full disc global broadband irradiance mea-
surements over most of the sunlit side of the Earth. Besides NISTAR, DSCOVR also carries the Earth Polych
romatic Imaging Camera (EPIC), which provides 2,048 by 2,048 pixel imagery in 10 spectral bands from 317
to 780 nm 10 to 22 times per day. On 8 June 2015, more than 100 days after launch, DSCOVR started orbiting
around the L1 point.

The NISTAR instrument was specifically designed to measure the global daytime SW and longwave radiative
fluxes. NISTAR measures an irradiance at the L1 point at a small relative azimuth angle, !o, which varies from
4∘ to 15∘, as shown in Figure 1a. As such, the radiation it measures comes from the near-backscatter position,
which is different from that seen at other satellite positions as indicated in Figure 1a by the varying arrow
lengths corresponding to scattering angles,Θ1 −Θ3. Other types of Earth-orbiting satellites view a given spot
on the Earth from various scattering angles that vary as a function of local time (e.g., geostationary) or overpass
time (e.g., Sun-synchronous). When averaged over the globe, the uncertainties in the anisotropy corrections
are mitigated by compensation. That is, any small biases at particular angles are balanced by observations
taken at other angles. In contrast, instruments on DSCOVR view every spot on the Earth from a single scatter-
ing angle that varies slowly within a small range over the course of the Lissajous orbit. Thus, the correction for
anisotropy is critical. The biases in the anisotropy correction for the DSCOVR scattering angle are mitigated
and potentially minimized by the wide range of different scene types viewed in a given NISTAR measurement.

Previous studies by Minnis et al. (2001) and Doelling et al. (2002) used ERB Experiment (ERBE) and International
Satellite Cloud Climatology Project (ISCCP, Rossow & Schiffer, 1999) observations to simulate the broadband
radiation field and to calculate the Earth’s anisotropy as seen from the L1 point in order to convert NISTAR

SU ET AL. SHORTWAVE FLUX FROM EPIC 2

EPIC and NISTAR viewing geometry from the Lissajous orbit around the Lagrangian L1 point in the direction of the Sun.
Left panel (Fig. 1 of Su et al., 2018) depicts the EPIC/NISTAR viewing aspects. Right panels depict sample near-hourly 
images of Earth (https://www.epic.gsfc.nasa.gov) from which detailed sunlit hemisphere climate data can be derived.
Note that in orbiting the Lagrangian L1 point, EPIC and NISTAR view 92-97% of the sunlit hemisphere, never 100%.  



EPIC SW Flux Data with (hourly) Longitudinal Sampling 

Monthly-mean SW fluxes were derived from EPIC data (Su et al, 2018), using a CERES-based radiance-to-flux
conversion. The “seasonal spaghetti” map depicts SW fluxes (right-hand Y-scale) normalized to global annual
mean 99.1 W/m2 (Loeb et al, (2018), which are referenced by their UT noon-time Sun and corresponding color-
coded longitude (including the local geographic landmark). The solid black line is the daily longitudinal mean (for
EPIC 2017 data). The heavy yellow line (left-hand Y-scale) is the seasonal global-mean Total Solar Irradiance (TSI).



Longitudinally Sampled Planetary Albedo from EPIC SW Flux Product

EPIC derived SW fluxes (Su et al, 2018) are normalized to global annual mean 99.1 W/m2 (Loeb et al, (2018). Monthly-mean 

SW fluxes, divided by the seasonal global-mean Total Solar Irradiance (TSI) yield the planetary albedo. The planetary albedos 

are centered on their color-coded longitude and and are tagged by UT noon-time and a landmark. Heavy black line depicts 

the longitudinally averaged planetary albedo of Earth derived from EPIC data using CERES-based radiance-to-flux conversion.



EPIC vs GCM:  Planetary Albedo from SW Flux Data

DSCOVR-view model/data planetary albedo comparison points to: (1) need for a stronger cloud response over land areas

relative to the oceans, and (2) inadequate summer hemisphere cloud response, especially during December, suggesting

that the GCM (ModelE_2.1) relative humidity threshold “cloud tuning” parameter needs to be more physically based.

This is an example of Quantitative climate-type model/data comparison utilizing self-consistent space-time sampling.



EPIC-View ModelE_2.1 Cloud Cover Fraction (percent)

Seasonal spaghetti map of dayside hemisphere monthly-mean cloud cover, color-coded for every 15 degrees of 
longitude, and tagged with the UT hr (for local noon-time Sun) and corresponding geographical location.  Note that 
maximum May-June-July cloud cover occurs over West Pacific (E Australia-green), next is East Pacific (E Alaska- dark 
blue). Lowest is over the Atlantic (Spain- blue-green), next higher is Asia (Pakistan-magenta). Global-mean seasonal 
cloud fraction is black, and similar to North America (Ohio-orange). Note the small diurnal range for Nov-Dec-Jan.  



EPIC-Derived: 2018 All-cloud (EPIC images available per day/month) 



EPIC-Derived: 2018 All-cloud  (EPIC data points per UT longitude/month) 



EPIC-Derived: 2018 All-cloud Sky Fraction (percent) 



EPIC-Derived: 2018 All-cloud Sky Fraction (std dev) 



EPIC-Derived 2017 & 2018 All-Cloud Cloudy-sky Fraction (percent)

Sampled seasonal spaghetti map of EPIC sunlit hemisphere monthly-mean cloud cover for the years 2017 and 2018. Note 
GCM-EPIC ‘relative’ similarity for maximum May-June-July cloud cover occurring over West Pacific (E Australia-green), next 

is East Pacific (E Alaska- dark blue). Lowest is over the Atlantic (Spain- blue-green), next up is Asia (Pakistan- magenta). 

Global-mean seasonal cloud fraction is black, and similar to North America (Ohio- orange). However, the EPIC seasonal 

diurnal range is smaller and more uniform than than the GCM, and the is no constricted diurnal range for Nov-Dec-Jan.

Global-mean EPIC-derived cloud cover is 61.06% for 2017, 62.04% for 2018, with modest inter-annual variability.



Dayside Hemisphere DSCOVR-View ModelE_2.1 All-Cloud Optical Depth

Seasonal spaghetti map of ModelE2 sunlit EPIC-view hemisphere monthly-mean all-cloud optical depth. The optical depths 
are condensed liquid water conversions, and thus not the same as heterogeneity modified optical depths used in radiative 
transfer flux calculations. Note: Jun-Jul-Aug maximum value occurs over West Pacific (E Australia- green, also N Zealand 
through China). The minimum is over the Atlantic (Spain- light blue, also Nigeria, Congo). E Pacific and Asia (E Alaska- dark 
blue and Pakistan- magenta) are close to the global-mean (black). North America (Ohio- orange) is in between the global-
mean and the Atlantic value. For October to March, there is a much reduced diurnal variability.



(no resemblance)  EPIC-Derived 2017 & 2018 All-Cloud Optical Depth

Sampled seasonal spaghetti map of EPIC-derived sunlit hemisphere monthly-mean all-cloud optical depth for the key selected 

geographical regions (corresponding also to UT = 3, 8, 13, 18, and 22) for the years 2017 and 2018. In comparing to the ModelE

results, the lack of correlation confirms the difficulty in comparing model generated and observation retrieved optical depths.

The comparison must include full accounting for cloud heterogeneity transformations, and accompanying cloud fraction, cloud 

particle size and asymmetry parameter/phase function information. With all of those parameters fully accounted for, GCM and 

EPIC cloud optical depths must agree since both the GCM and EPIC reproduce the same global annual-mean planetary albedo.   



Dayside Hemisphere DSCOVR-View ModelE_2.1 Ice-Cloud Optical Depth

Seasonal spaghetti map of ModelE2 sunlit EPIC-view hemisphere monthly-mean all-cloud optical depth. The optical depths 
are condensed liquid water equivalent conversions, and thus not the same as heterogeneity modified optical depths used in 
radiative transfer flux calculations. Note: Jul-Aug maximum value occurs over West Pacific (E Australia- green). A rather flat 
minimum occurs over the Atlantic (Spain- light blue, also Nigeria, Congo). E Pacific (E Alaska- dark blue) is close to the global-
mean (black). North America (Ohio- orange) is in between the global-mean and Atlantic value. Asia (Pakistan- magenta) has 
more of a more bi-annual seasonal cycle. The GCM ice cloud optical depth does not include heterogeneity transformation.



NISTAR Measurements vs ModelE2.1 Vis/NIR Results
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DSCOVR-View ModelE_2.1  VIS/SW  &  NIR/SW  Spectral Ratio

Seasonal spaghetti map of dayside hemisphere VIS/SW (left panel) and NIR/SW (right panel) broad-band 
spectral ratio of reflected SW solar radiation, color-code for every 15 degrees of longitude, and tagged with 
the UT hr (for local noon-time Sun) and the corresponding geographical location. 



NISTAR Band-B (0.2 – 4.0!m) (VIS+NIR) Total SW Relative Radiance

NISTAR Band-B measurement of seasonal change in total (VIS+NIR) SW radiance reflected from the dayside 
hemisphere for selected longitudes of noon-time Sun. Solid black curve is daily average over all longitudes.



NISTAR Band-C (0.7 – 4.0!m) NIR SW Relative Radiance

NISTAR Band-C measurement of seasonal change  for NIR SW radiance reflected from the dayside hemisphere 
for selected longitudes of noon-time Sun. Solid black curve is daily average over all longitudes.



NISTAR Bands-C/B  (0.7 – 4.0!m)/(0.2 – 4.0!m)  NIR/SW Spectral Ratio

Seasonal spaghetti map of NISTAR Band-C / Band-B spectral ratio of the NIR/SW radiance reflected from the dayside 
hemisphere for selected longitudes of noon-time Sun. Solid black curve is daily average over all longitudes.



NISTAR Bands-C/B  (0.7 – 4.0!m)/(0.2 – 4.0!m)  NIR/SW Spectral Ratio

Pinwheel-format diagram of NISTAR Band-C / Band-B spectral ratio of the NIR/SW radiance reflected from the dayside 
hemisphere for selected longitudes of noon-time Sun. Solid black curve is daily average over all longitudes. At figure 
bottom, position of sub-solar latitude is shown relative to each monthly-mean position depicted in sub-satellite latitude.



ModelE_2.1 (0.7 – 4.0!m)/(0.2 – 4.0!m)  NIR/SW Spectral Ratio

Corresponding pinwheel diagram of the ModelE NIR/SW spectral ratio. The ModelE_2.1 pinwheel diagram has a 
qcualitative orrespondence to the NISTAR measurements in terms of its relative longitudinal dependence, but 
comes nowhere close to having the seasonal and longitudinal NIR/SW spectral variability that is seen in the 
NISTAR measurements. This comparison with NISTAR suggests significant deficiencies in GCM spectral treatment.
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